UNCLASSIFIED 


AD  NUMBER 


AD473887 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


EROM 

No  public  or  foreign  release. 


AUTHORITY 


DSWA  Itr.,  10  Apr  97 


THIS  PAGE  IS  UNCLASSIEIED 


*■ 


STATISTICAL  AlALTIiS  OF  HEMATOLOGIC 
(lEI  BLOOB  CELL  COBHT)  BATA  OR  PIGS 

TEST  ABLE 


B?SQgR.?rJ3<S  may  03TAQ2  CC«>IES  OT  TmS  BSPQBT  fBOM  9SSa 
MOT  fOB  KH2UC  REI£AS& 


I 


mmix  NO.  5 
TO  THE  FINNL  REPORT 


OPERATIOIS  CROSSROABS 
MIIT  TASI  FORCE  ORE 


DOC 

r 

Hov  19  an 


OPfCIMSIHEO 


p  y  t?  u-i"'  i  -V'^w  J  Li'  hI  !h 


DIRKCTOB  OP  SHI?  MATERIAL 
MAVAL  MEDICAL  RESEARCH  3BCTI0W 


(^13  Octii^iwiif’  7j 


f  /  V-  /  ,  /  C  6’ : -^  ^  ' ' 

/  STATISTICAL  AIALTSIS  OF  HEMATOLOGIC  (RED  BTXX)D 
CELL  COOHT)  DATA  OH  PIGS 
-  TEST  ABIE 


(  '^7  '  /lerrvron  Biological  Aspects  of  Atojsic  BceO)  Tests 

'  .''i  C' ^  /-.■>.  3  j  u" 

.  /  •  ,  .  ,  f 

(A-*'  Appendix  Ho.  5  -7' ‘'"J" 


MEDICAL  STATISTICS  DIVISIOH 
bureau  CP  MEDICIHE  AHD  SURGERY 
HAVY  DEPARTMBHT 


copKs  OF  THsanspcm 


sf  ^  'w’v*  I 


K.  H*  DRABQER 

Captain,  MC,  U.  S.  Navy 

Officer-ln-Charge 


INTHODUOTIOH 


This  is  the  second  report  on  statistical  analyses  of  data  from  a 
series  of  hematologic  studies  made  on  the  animals  aboard  the  target  ^ips 


at  Bikini. 


For  the  purpose  of  this  report  senreral  detailed  data  forms  were 
developed,  based  upon  the  preiulse  that  they  should  be  easy  to  fill  In 
and  complete,  as  wsH  es  be  susceptible  to  large  sample  statistical  tabu¬ 
lations.  After  the  hematologic  data  were  recorded,  the  forms  were  for¬ 
warded  to  the  Medical  Statistics  Division  for  coding,  tabulating,  analyzing, 
and  Interpreting.  Def^ltions,  codes,  and  procedures  were  written  and 
these  were  followed  in  the  transcribing  and  card  punching  prior  to  making 
the  actual  machine  tabulations.  Every  effort  was  made  to  eliminate  human 
errors  and  it  is  believed  that  the  data,  as  presented,  are  accurate  and 
contain  only  such  variations  as  are  found  in  all  tabulation^  of  red  cells. 

In  the  first  paper  (l)  the  observed  results  on  the  white  blood  coimt 
of  the  pigs  exposed  to  ionizing  radiations  were  described.  The  data  pre¬ 
sented  iMWtn  were  obtained  from  the  same  group  of  pigs  and  because  sane 
of  the  red  blood  counts  were  compared  with  the  counts  of  the  white  cells, 
it  is  ai)proprlate  to  briefly  list  some  of  the  findings  as  summarized  in 
tne  pr^vioiiH  p6.p6r- 

1,  There  was  a  very  high  correlation  between  the  lymphocyte  count 
and  the  white  blood  count.^ 

,  2,  Of  the  137  (pigs  aboard  the  SAZAWA  which  sank  are  not  included) 
exporiemntal  pigs  placed  aboard  the  target  ships,  38  had  died 


by  31  January  1947. ^ 

3.  Twenty-six  pigs  had  a  reduced  white  blood  count  (13,000  or  below- 
the  normal  mern  count  was  23,000)  within  eight  days.  Of  these. 


17  died  and  9  live 


4.  All  except  one  of  the  pigs  with  reduced,  eotmts  were  located 
aboard  four  ships  (01,03,11,12).  These  same  four  ships  also 
had  the  highest  mortality  rates,^ 

5,  There  was  a  relationship  between  amount  of  white  blood  count 
reduction  and  survival  time. 

v  6,  Many  of  the  control,  as  well  as  the  experimental  pigs,  had 

reduced  eotmts  from  unexplained  reasons  during  a  period  follow^ 

Ing  the  blast. 

7.  As  far  as  white  bl^d  counts  are  concensed,  the  group  that  had 
reduced  eotmts  and  yet  lived  had  returned  to  normal  limits  by 
the  end  of  the  report  period' 31  January  1947, 

BZSULTS 

Figure  1  (two  HBCs,  one  of  3,0  and  the  other  8,9  not  shown  In  Figure 
1;  and  all  red  blood  counts  for  pigs  are  shown  In  millions  and  parts  of  a 
million)  is  presented  in  the  form  of  a  histogram  and  shows  the  distribution 
of  the  iramber  of  pigs  by  the  amount  of  the  normal  red  blood  count.  These 
counts  were  the  only  ones  available  to  be  used  in  establishing  the  normal 
standards.  For  eosns  of  the  pigs,  two  red  blood  cell  counts  had  been  done 
and  for  the  remainder  only  a  single  count  had  been  made.  If  a  pig  had  more 
than  one  red  blood  count  recorded  for  the  period  prior  to  Af»Day,  a  single 
mean  count  was  computed  and  used  Just  as  if  there  had  been  only  one  red 
blood  cell  count  made. 

It  was  pointed  out  in  the  dis^ssion  concerning  white  hlood  eotmts 

that  there  is  a  dearth  of  hematologic  information  available  for  use  in 

comparing  normal  counts  of  different  biological  species.  This  fact  makes 

It  particularly  difficult  to  differentiate  between  changes  that  may  he 

caused  by  exposure  to  ionizing  radiations  and  other  determinants,  such  as 
physiological  changes,  diet,  tropical  exposure,  etc. 
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It  is  rathor  interaeting  that  the  histogram,  as  shown,  assumes  a 
hl-modal  typo  of  dlstrlhutlon.  This  is  usually  caused  hy  either  working 
with  heterogeneous  material  or  a  paucity  of  data.  Since  it  is  known  that 
the  red  hlood  counts  are  homogeneous  (the  pigs  were  carefully  selected 
as  to  age  -  approximately  three  months  of  age  v’loji  brought  aboard  the 
USS  BUELESON  -  ancestry,  etc.)  it  is  thought  that  a  larger  sample  would 
assume  a  single  point  of  major  concentration;  In  fact  the  same  result 
could  be  achieved  with  the  data  on  hand  by  merely  Increasing  the  class 
Interval. 

The  cotmt  distribution  had  a  range  of  from  3.0  to  8,9.  However, 
only  two  counts  were  outside  the  limits  of  4,0  and  7,9.  The  mean  was 
foxmd  to  he  5.9  (X  -  5,9  ;  1.0  ;  o-  r  .09), 

ic 

When  the  i^dilte  hlood  counts  were  examined  it  was  shown  that  there 
was  a  dramatic  drop  in  the  total  count  for  the  pigs  that  received  a 
heavy  dose  of  rddiation.  This  precipitous  drop  generally  occurred  within 
72  lours  following  the  teat  and  either  resulted  in  death,  or  a  long 
convalescent  period  before  the  white  blood  count  returned  to  normal  limits. 

Figure  2  depicts  the  average  reaction  of  the  pigs  that  had  a  reduced 
white  blood  count  and  also  shows  the  trend  of  the  red  blood  counts  during 
the  same  period  of  time.  There  are  two  groups  of  pigs  included:  (l)  those 
that  lived;  and  (2)  those  that  succumbed  direct  or  indirect  effects  of  the 
homh.  In  general,  there  was  a  decline  of  the  red  blood  count  for  the 
animals  tinder  consideration  (those  that  had  depressed  white  blood  counts), 
although  the  reduction  was  not  as  sudden  or  as  severe  as  is  ^own  for  the 
white  blood  counts  during  the  first  period  (l  July  1946  -  5  July  1946). 
Because  daily  blood  counts,  subsequent  to  the  test,  were  not  obtained,  it 

is  impossible  to  compute  the  exact  day  of  minimxan  readings.  However,  there 
was  a  lag  in  the  suppression  of  the  red  blood  count  and  the  average 
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minimtan  eounta  did  not  appear  until  the  fourth  period  (18  July  1946  - 
23  July  1946). 

It  may  be  noted  that,  at  the  period  of  the  minimtun  readinga  (the 
first  and  fourth),  the  average  rod  blood  coimt  aa  well  aa  the  white  blood 
count  was  higher  for  the  group  that  lived.  Data  for  the  red  blood  counts 
are  not  available  from  the  fifth  to  the  tenth  periods  (24  July  1946  -  31 
October  1946),  Ihirlng  October  the  red  blood  counts  had  returned  to  normal, 
in  fact  they  exceeded  the  pre  ,est  counts  dxirlng  the  recialnlng  periods  of 
the  study.  This  picture  did  not  hold  true  for  the  white  blood  counts  as 
the  average  count  for  those  that  lived  did  not  regain  full  pre-test  status 
by  the  end  of  January  1947. 

From  Figure  3  (the  average  red  blood  counts  shown  in  Figures  3  to  4 
and  6  to  10  are  based  upon  total  counts  from  all  pigs  stationed  aboard 
specific  ships)  one  may  obtain  a  comparison  between  the  average  red  blood 
count  for  the  first  four  ships  (01  TTSS  NEVADA,  03  TJSS  INDEPENDENCE,  11  TJSS 
SALT  LAKE  CITT,  and  12  USS  FALLON),  and  the  average  for  the  remaining  11 
ships.  Since  it  is  commonly  accepted  that  the  white  blood  count  is  a  much 
more  accurate  index  of  the  amotint,  or  dose,  of  ionizing  radiation  received, 
it  was  felt  that  if  the  white  blood  count  reduction  was  not  detectable  the 
red  blood  cotint  would  certainly  not  be  reduced  in  significant  amounts, 
^srefore,  the  two  groups  of  ships  shown,  in  Flgare  3  wore  determined  by  the 
fact  tliat  all  of  the  pigs,  with  one  exception ,  that  had  a  reduced  white 
blood  count,  were  located  on  Ships  01,  OS,  11  and  12, 

The  average  red  blood  counts  of  both  groups  shoved  a  downward  trend 
follovlog  irradiation  althongh  the  counts  for  the  pig<*  aboard  the  first 
four  ships  dropped  the  more  rapidly.  The  minimum  average  count  for  this 
group  was  reached  during  the  fourth  period;  however,  there  was  not  a 


nlgnlf leant  difference  in  the  nean  during  this  period.  In  fact  the 
trends  of  the  counts  of  the  two  groups  are  very  similar  and  it  is 
impossible  to  state  that  any  of  the  observed  differences  could  de¬ 
finitely  be  related  to  the  effects  of  exposui'e  to  ionizing  radiations. 
Since  many  of  the  animals  located  in  the  first  group  wet^  having  re¬ 
peated  mediastinal  hemorrhages,  it  is  quite  possible  that  this  factor 
partially  accounted  for  te  slight  progressive  anemia.  However,  there 
is  no  doubt,  as  evidenced  by  the  blood  smears,  that  there  was  acne 
degree  of  disturbed  erythroxxalesis  fren  radiation  or  other  factors. 

The  depression  of  the  red  blood  count  for  either  group  is  difficult 
to  evaluate,  especially  for  the  first  four  ships.  There  are  four  con¬ 
trol  count  readings  shown  on  the  chart  for  the  sixth,  tenth,  eleventh, 
and  thirteenth  periods.  It  is  apparent  that  control  counts  follow 
about  the  same  trend  as  the  other  two  groups  fro®  the  sixth  period  on. 
Pro®  this  conparison  it  woxild  seem  that  other  factors,  perhaps  tropical 
anemia,  effect  of  sodium  fluoride  used  as  a  vermifuge,  nutritional 
deficiency  due  to  minimum  weight  requirements,  or  increasing  maturity 
influenced  the  red  blood  counts  as  much  as  the  radiation  exposure. 

Figure  4  might  be  considered  as  a  supplement  to  Figure  3.  In  the 
former  figure  the  charting  was  made  on  the  absolute  red  blood  counts 
only.  The  averages  as  shown  in  Figure  4  have  been  converted  from 
absolute  coimts  to  percents  of  the  normal  or  pre-test  readings.  This 
allows  a  direct  cosqjarison  to  be  made  between  any  period  and  the  normal 
count.  The  average  white  blood  counts  for  the  two  groups  enre  also  shown 
in  order  to  allow  the  trend  comparisons  of  the  two  counts  to  be  made. 

One  is  insedistely  impressed  with  the  precipitous  white  blood  count  drop 
ejqperienced  by  the  first  four  ships  and  it  is  apparent  that  the  counts 

of  the  animals  that  lived  did  not  coincide  with  the  trend  until  the  tenth 
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period  (1  October  1946  -  31  October  1946).  Furthermore,  at  the  end 
of  the  period  under  consideration  (31  January  1947)  the  white  blood 
counta  were  only  about  90^  of  their  pre-test  average.  *fhile  the 
average  white  blood  count  for  the  first  four  ships  had  dropped  to 
43^  of  th^  normal  count  during  the  first  period,  the  red  blood 
count  for  the  same  gi-oup  had  decreased  only  *0  the  85^  level.  It  is 
quite  noticeable,  as  was  previously  mentioned,  that  the  average  red 
blood  cotints  for  both  groups  were  considerably  above  the  normal  count 
which  had  been  taken  about  seven  months  earlier. 

The  data  for  the  animals  included  in  Figure  ^  might  be  considered 
a  refinement  over  those  shown  in  some  of  the  previous  charts.  Whl  s, 
as  was  noted,  all  of  the  animals  that  had  a  reduction  (with  one  ex¬ 
ception:  Pig  376,  Ship  #31)  were  located  on  Ships  01,  03,  11  or  12, 
it  was  also  true  that  not  all  of  the  pigs  on  those  four  vessels  did 
have  a  depressed  white  blood  count.  The  other  pics  that  are  included 
in  Figures  3  and  4  might  be  considered  dilutions  Therefore,  Figure 
5  includes  only  those  animals  that  had  a  reduction  in  ^Ite  blood 
count.  The  same  sudden  decline  is  still  there  in  the  white  blood  count 
trends;  in  fact  the  drop,  as  might  be  expected,  is  even  more  drastic 
than  is  shown  In  the  previous  chart.  It  appears  probable  that  the  red 
blood  count  trend  portrays  the  best  possible  picture  of  the  red  blood 
count  reduction  following  the  -cest;  however,  as  has  been  pointed  out, 
caution  should  be  followed  1  a  attributing  all  or  any  certain  proportion 
of  the  suppression  to  disturbed  erythropolesia  from  radiation. 

DISCUSSION  AND  SUMMAPY 

The  red  blood  counts  vert  tabulated  for  the  experimental  pigs 
prior  to  A-Dsy,  and  these  co’onts  were  considered  as  normal  readings. 
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However,  It  should  he  pointed  out  thnt  the  pigs,  at  the  time  th^ 

were  received,  were  approximately  three  months  of  ago  and  ly  the 

termination  of  the  study  period  (31  January  1947/,  were  about  ten 

months  old.  For  some  jf  the  pigs  two  normals  were  available  and  for 

the  rfloiaindor  only  a  o ingle  count  had  been  made.  If  «  pig  ^ad  more 

than  one  red  cjunt  recorded  for  the  period  prior  to  the  test,  a  mean 

count  was  computed  and  this  was  used  Just  as  If  thero  had  been  only 

a  single  count  taken.  I'he  mean  normal  red  blood  count  was  found  to 

be  5.9.  O  -  1.0  :  Cf-_  =  0.09  ;  H  =  113 

X 

Approximately  seven  months  later  during  January,  the  mean  count  for 
the  pigs  alive  at  that  time  was  6.6. 

O-  1.0  :  0_  0.15  ;  N  “  47 

X 

The  frequency  distribution  of  the  pr^-tost  normel  counts,  formed  a 
bi-modal  pattern;  however,  It  Is  believed  that  tMs  would  have  been 
eliminated  if  more  data  had  been  available. 

There  was  a  decline  In  the  rod  blood  counts  subsequent  to  A~Dggr; 
however,  the  depression  was  not  ae  drastic  nor  ae  sudden  as  was  observed 
for  the  white  blood  counts.  There  were  26  animals  that  experienced 
white  blood  count  reductions  and  of  these,  17  died  and  9  lived.  It 
was  found  that  there  was  a  significant  difference  in  the  averngn 
white  blood  counts  during  the  first  period  (1  July  1946  -  5  July  1946) 
between  those  living  (9)  and  those  dying  (16).  When  the  red  blood  counts 
were  tabulated,  it  was  observed  that  these  pigs  that  died  also  had 
lower  minimum  red  blood  counts  (3.4)  than  those  that  lived  (3.8).  How^ 
ever,  one  very  Importr  t  point  should  be  sD^^sized  that  while  the 
nlnlmum  white  counts  occurred  withia  96  hours,  the  lowest  red  blood 
counte  did  njt  appear  until  from  16  to  22  days  following  the  explosion. 


fher«  a  daproasion  in  tha  airerage  "blood  oount*  following  tha 
taafe,  l>oth  for  th®  pigs  aboard  tha  first  four  ships  (this  grouping  was 
made  because  all  of  the  pigs  that  had  depressed  white  blood  counts  were 
aboard  those  ships)  01,  03,  11,  12  and  those  m  the  renainire  11  which 
had  not  received  enough  ionizing  radiation  to  nake  diseerniblf  dlffe~ 
rsncds  in  the  white  blood  counts.  Possibly  the  lower  average  red  blood 
counts  experienced  by  the  aniuiale  on  the  first  four  ships  during  the 
fourth  period  could  he  ascrihed  to  the  effects  of  the  irradiation. 

When  oomparlsc  IS  were  made  collectively,  between  rad  end  white 
blood  count  trends,  for  all  pigs  with  (white  count)  reductions,  oono  , 
Interesting  facts  were  available.  During  the  first  period  for  these 
animals,  tha  average  white  blood  count  had  dropped  to  26^  of  nozmal 
while  the  average  red  blood  count  had  only  been  reduced  to  88^  of 
normal.  Xho  average  idxite  oount  changed  very  little  between  the  first 
two  periods;  however,  the  fed  counts  continued  to  decline  and  rcadh^ 
the  015!  level  during  the  second  period.  Prom  this  period  through  the 
fourth,  the  white  counts  Increased  and  during  the  second  p’  *iod  were 
approximately  50^  normal  while  t'a«  declining  red  counts  had  dropped 
to  65^  of  their  pre-*te8t  levels.  Prcu  the  fourth  thror  ;h  the  tenth 
(1?  July  1946  -  31  October  1946)  the  whits 
very  slow  recovery  while  by  the  tenth  period  the  red  counts  had 

reached  the  91^  mark  and  continued  to  increase  until,  during  the  last 
two  months  (December  1046  and  January  1947),  of  the  study,  they  were 
above  the  normal  counts.  Meanwhile  the  recovery  of  the  white  counts 
had  reached  75^  of  normal  during  Janoary  1947. 

In  making  direct  oomparlsona  between  the  recovery  rates,  it 
should  be  enqphi  I'^ed  that  there  are  missing  data  on  the  red  cells 
between  the  fifth  and  tenth  periods.  Mao,  the  tronda  of  the  counts 


tfuibsaqawit  to  tho  test  eannot  necoamortly  ba  oatirel^'  attrllmted  to 
radiation. 
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Fig.l.  Distribution  of  normal  RBC’s.  tl6  experimental  pigs. 
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Fig.  2 .  Compariison  of  RBC's  and  WBC's  for  pigs  having  o  reduced  WBC. 
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Fig.  3.  Comparison  of  overo.ge  RBGs  for  first  four  ships  (01, 03, 1 1, 1 2)  and  oil  others. 
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Fia.  4,  Comparison  of  percent  of  RBC  and  WBC  reduction.  First  four  ships(0l,03,li  ,!2)  and  all  others. 
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Fig.5.  Comparison  of  percent  of  RBC  and  WBC  reduction  25  pigs  having  a  reduced  WBC- 


Note:  Dotted  lines  indicate  missing  data. 
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Fig.6i  Comporison  of  percent  of  RBC  and  WBC  reduction.  Ship 01. 
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Fig. 7  Comparison  of  percent  of  RBC  and  WBC  reduction.  Ship  03. 


Note.  Dotted  lines  indicate  missing  data. 
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Fig.  8  -Comporison  of  percent  of  RBC  end  WBC  reduction.  Ship 
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